(Received for publication December 26, 1981) The resistance of Staphylococcus aureus MS-9610 to tylosin and 3-O-acetyltylosin was due to the decreased affinity of its ribosome system to these macrolides. However, 3-O-acetyl-4"-O-isovaleryltylosin was found to bind to ribosomes of the strain about three times more than 3-O-acetyltylosin. This binding was not interfered by tylosin and 3-O-acetyltylosin. The 4"-O-acyl group and the mycinose moiety were suggested to have an important role in the binding of tylosin derivatives to ribosomes of resistant strains.
3-O-Acetyl-4"-O-isovaleryltylosin has an improved antibacterial activity against macrolide-resistant strains of Staphylococcus aureus clinically isolated. As reported previously1), the macrolide resistance of multiple-drug resistant strains of S. aureus can be divided into two types, the decreased sensitivity of ribosomes (Type I) and the decreased uptake (Type II). Among derivatives of macrolide antibiotics tested, 3-O-acetyl-4"-O-isovaleryltylosin inhibited the growth of both types of resistant strains.
In this paper, we will report on the binding of the compound to 70S-ribosomes of Type I strain and the structural requirements for this binding.
Materials and Methods
Strains and Ribosomes Staphylococcus aureus MS-9610 was isolated from a clinical specimen and its macrolide resistance was not inducible. The degree of the resistance was over 800 trg per ml of erythromycin, josamycin, spiramycin, angolamycin, midecamycin, tylosin and 3-O-acetyltylosin and was 100 pg per ml to penicillin G. Staphylococcus aureus FDA 209P was used for comparison as a macrolide-sensitive strain. The culture condition was the same as described previously1).
70S-Ribosomes were prepared from S. aureus MS-9610 and FDA 209P by repeated suspension and centrifugation of ribosomes in a solution containing 1 M NH4Cl 10 mm tris-buffer, pH 7.8, 10 mm Mg-(OAc)2, 60 mm KCl and 6 mm 2-mercaptoethanol as described in a previous papery.1) Chemicals
[1-14C]Acetyl group was introduced into the C-3 hydroxyl group of tylosin and 4"-O-isovaleryltylosin by an enzymatic method using [1-14C] acetyl-coenzyme A as described previously2). These labeled derivatives are described as 3-0- (Fig. 1) and 12.5 /1M (Table 2) . It was incubated at 37'C for 10 minutes and 10 Id of L-[U-14C]leucine (5 pCi/ml) was added to the cell suspension. After incubation at 37°C for 30 minutes, 100 p1 was taken and placed onto a Whatman 3 MM filter paper disc (2.4 cm diameter). The wet discs were immersed in ice-cold 10% trichloroacetic acid (TCA) (5 ml/disc), and processed as reported previously1). Radioactivity in cold TCA insoluble materials was determined by a toluene scintillation method.
In Vitro Protein Synthesis on 70S-Ribosomes In vitro protein synthesis in a system containing washed 70S-ribosomes of S. aureus and S-100 from E. coli Q-13 (RNase I-) was conducted as reported by MAO7) with minor modifications and the condition as reported in a previous paper1).
Determination of Tylosin Derivative-Ribosome Complexes
The formation of 14C-labeled tylosin derivative-ribosome complexes in staphylococcal strains was determined by a gel-filtration method8) and membrane filtration method as reported by PESTKA9) and (total volume 100 pl) and the mixture were incubated at 37,C for 20 minutes. The mixture was diluted with 3 ml of a cold standard buffer containing the corresponding non-radioactive tylosin derivative at 50 til/ml, filtered by gentle suction through a Millipore membrane filter (HA, 0.45 pm pore size, 2.4 cm diameter). The membrane filter was presoaked with the cold standard buffer described above. This pretreatment of the filter with a non-labeled derivative decreased the background value. The value without ribosomes was taken as the background value. The 14C-labeled tylosin derivative-ribosome complexes on the membrane filter were washed twice with 3 ml of the above cold standard buffer and the radioactivity remaining on the filter disc was measured by a liquid-scintillation method.
Interference of the Binding of Labeled Tylosin Derivatives to Ribosomes by Unlabeled Antibiotics
The inhibition of the binding of labeled tylosin derivatives to MS-9610 ribosomes by unlabeled antibiotics structurally related and unrelated was examined by the abilities of the latter to replace the former in the formation of the ribosome complexes. Ribosomes (40 td, 6.9 OD.60 units) were mixed with an indicated amount of an unlabeled compound (20 p]) in the standard buffer (120 pl, Fig. 3 , Table 2 The same result was also observed by the gel filtration method (Fig. 2) .
While, in spite of having almost the same antibacterial activities or inhibitory activities in a cell-free 
